To determine the effect of intravitreal aflibercept injection on the corneal endothelium in patients with diabetic or cystoid macular edema caused by retinal vein occlusion. Material and methods: Forty-six eyes of 44 consecutive patients (27 men, 17 women; age range: 55-88 years) were evaluated. All participants initially received a single intravitreal injection of aflibercept (2 mg in 0.05 mL), followed by pro re nata use and underwent central corneal specular microscopy before the injection and at 1, 3 and 6 months after the first injection during a 6-month follow-up period. The endothelial cell density (ECD), average cell size (AVG), standard deviation of cell size (SD), coefficient of variation of cell size (CoV), maximum of cell size (MAX), minimum of cell size (MIN) and percentage of hexagonal cells (Hex%) were analyzed and the central corneal thickness (CCT) was measured. Results: No significant differences in the ECD, AVG, SD, CoV, MIN, Hex% and CCT were observed between measurements obtained before and 1, 3 and 6 months after the first injection. However, the MAX measured before injection differed significantly from the values measured at 1, 3 and 6 months after the first injection (P=0.033). An average of 1.43±0.58 intravitreal aflibercept injections were administered per patient. Conclusion: These study findings indicate that the intravitreal administration of aflibercept (2 mg) might very slightly alter the corneal endothelium within 6 months of the first injection.
Introduction
The recombinant fusion protein aflibercept (Eylea ® ; Regeneron, Tarrytown, NY, USA) is composed of vascular endothelial growth factor (VEGF)-binding receptors-1 and -2 fused to the Fc portion of human immunoglobulin G. 1 This agent was first approved in the United States for the treatment of neovascular age-related macular degeneration. 2 Notably, an increased VEGF level as measured in vitreous samples has been identified as the main cause of both diabetic macular edema (DME) and cystoid macular edema (CME) due to retinal vein occlusion (RVO). Aflibercept has been proven effective for CME due to central retinal vein occlusion (CRVO) in COPERNICUS and GALI-LEO studies [2] [3] [4] and for DME in VIVID, VISTA 5 and DA-VINC 6 studies. It has also been proven effective for CME due to branch retinal vein occlusion (BRVO) in the VIBRANT study. 7 Given these promising characteristics, Japan approved the use of aflibercept for the treatment of DME in November 2014, for CME due to CRVO in November 2013 and for CME due to BRVO in June 2015. This drug has since become the standard of care for treatment of these diseases in Japan.
In humans, the pharmacokinetic profile of aflibercept after intravitreal injection has not yet been determined definitively. However, a study found that bevacizumab, another recombinant humanized VEGF-binding monoclonal antibody, can be detected in the anterior chamber of the eye at 1 month after intravitreal injection. 8 However, as VEGF and its receptors are expressed in the corneal endothelium, [9] [10] [11] which facilitated the progression of severe corneal changes in humans treated with bevacizumab. 12 Therefore, aflibercept may also affect VEGF function in the corneal endothelium following intravitreal injections into the vitreous humor. Aflibercept was also shown to interfere with the physiology of retinal pigment epithelial cells 13 and to negatively affect the proliferation and viability of mesenchymal stem cells derived from the ciliary body and limbus in a concentrationdependent manner. 14 Aflibercept has a predicted longer intravitreal activity than ranibizumab, 15 which suggests a stronger potential for both beneficial and adverse effects. The above findings suggest that it is reasonable to consider whether this drug is potentially cytotoxic to human corneal endothelial cells. Lass et al 16 reported that intravitreal injections of aflibercept did not affect the corneal endothelium in patients with unilateral neovascular age-related macular degeneration. The corneal endothelial cells are known to be susceptible to surgical insults in diabetes. The number of corneal endothelial cells is prone to reduce in diabetic eyes compared to that in nondiabetic eyes after cataract surgery. 17, 18 Therefore, the intravitreal injection of aflibercept may place significant stress on the corneal endothelial cells of diabetic patients.
As specular microscopy with morphometric analysis is a sensitive indicator of endothelial cell function, 19, 20 we used this technology to prospectively analyze in vivo corneal endothelial toxicity after intravitreal injection of aflibercept for the treatment of DME and CME due to RVO.
Material and methods
Forty-six eyes of 44 consecutive patients with DME and CME due to RVO were recruited for this observational prospective case series study. The study protocol was approved by the Institutional Review Board of the Dokkyo Medical University Saitama Medical Center, and the study was conducted in accordance with the tenets of the Declaration of Helsinki. All participants provided written informed consent.
The inclusion criteria were clinical signs and angiographic evidence of DME and CME due to RVO with a best-corrected visual acuity (VA) of 20/30 or worse; an age of $50 years; no history of contact lens use; no ocular disease that could alter the corneal endothelium morphology, such as Fuchs' corneal dystrophy or iridocorneal endothelial syndrome; no intraocular surgery within a 6-month period before and after aflibercept injection; no laser treatment within a 2-month period before and 6-month period after the injection; no anti-VEGF antibody injection within a 6-month period before the injection and an endothelial cell count of .1,500/mm 2 before the initial aflibercept injection. All patients initially received a single intravitreal injection of aflibercept (2 mg in a total volume of 0.05 mL), followed by pro re nata use according to the study protocol. All patients were followed for 6 months and underwent VA testing, slit-lamp examination, IOP measurement using Goldmann applanation tonometry and indirect ophthalmoscopy, and optical coherence tomography (PLEX Elite 9000; Carl Zeiss Meditec, Inc, Dublin, CA, USA) examinations were performed at baseline and before the administration of aflibercept. The treatment effect was monitored based on improvements in VA and optical coherence tomography measurements.
Intravitreal aflibercept injection technique
Conjunctival anesthesia was topically induced by instillation of 4% lidocaine (Xylocaine ® solution 4%; Aspen Japan, Tokyo, Japan). The eyelids and ocular surface were disinfected with 0.027% iodine (PA⋅IODO ® Ophthalmic and Eye washing Solution; Nitten Pharmaceutical Co, Ltd, Nagoya, Japan). In an operating room, aflibercept was injected into the superotemporal quadrant via the pars plana and into the vitreous cavity 3-4 mm posterior to the limbus using a 32-gauge needle. The post-injection light perception was assessed. A topical 0.5% levofloxacin solution (0.5% Cravit ® ophthalmic solution; Santen Pharmaceutical, Osaka, Japan) was instilled four times daily for 3 days before and after each intravitreal injection.
endothelial cell analysis
Noncontact specular microscopy of the central cornea was performed using a specular microscope (CEM-530; NIDEK, Tokyo, Japan) that could measure corneal endothelial cell density (ECD) in a small area (0.25 × 0.55 mm). Corneal endothelial images before and 1, 3 and 6 months after the initial intravitreal aflibercept injection were obtained by experienced ophthalmic technicians. The specular microscope automatically evaluated the ECD, average cell size (AVG), standard deviation of cell size (SD), coefficient of variation of cell size (CoV), maximum of cell size (MAX), minimum of cell size (MIN) and percentage of the hexagonal cells (Hex%). The specular microscopy also provided measurements of optical pachymetry and evaluated the central corneal thickness. 
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Muto and Machida iOP measurement
The first author (TM) measured the IOP before and 1, 3 and 6 months after the initial intravitreal injection of aflibercept. The IOP was measured once at each time point.
statistical analysis
All data are expressed as mean ± SD. Differences between preinjection and postinjection measurements were evaluated using a one-way ANOVA with the Dunnet's multiple comparison posttest. Differences between the treated and untreated eyes were evaluated using an unpaired t-test. Differences between patients with DME and CME due to RVO were evaluated using an unpaired t-test. Differences between single and multiple injections were evaluated using an unpaired t-test. The statistical analysis was performed using StatMate version V for Macintosh (ATMS, Tokyo, Japan). A P-value ,0.05 was considered to indicate significance.
Results
The study group included 27 men and 17 women with a mean age of 72.1 years (range, 55-88 years). Of the treated eyes, 27 (58.7%) and 19 (41.3%) were phakic and pseudophakic, respectively; the corresponding values were 22 (47.8%) and 24 (52.2%) for the untreated eyes. None of the pseudophakic eyes had a damaged posterior capsule. Eighteen, seven and 19 patients had DME, CME due to CRVO and CME due to BRVO, respectively. Patients with DME and CME due to RVO had mean ages of 67.5 (range, 60-82 years) and 75.3 years (range, 55-88 years), respectively. Five of 26 patients with CME due to RVO had diabetes. Ten eyes in patients with CME due to RVO received two intravitreal injections of aflibercept while 16 eyes received single intravitreal injections. Among patients with DME, six eyes received two intravitreal injections, two eyes received three injections and eleven eyes received a single injection. Overall, the per-patient average number of injections was 1.43±0.58, with an average of 1.53±0.70 and 1.39±0.50 injections in patients with DME and CME due to RVO, respectively. Among eyes that received multiple (.1) injections, an average of 2.11±0.32 injections were administered. All patients completed the 6-month follow-up. No systemic or ocular adverse events were recorded during this period.
eCD and morphology
The following normal score ranges were set for each parameter: ECD: 2,777-3,410 cells/mm 2 ; AVG: 296-367 µm 2 ; CoV: 0.26-0.40; Hex: 55%-67%. 21 The measurements obtained before and at 1, 3 and 6 months after the first intravitreal aflibercept injection from patients with DME and CME due to RVO are presented in Table 1 . Of all evaluated parameters, only MAX differed significantly from before to after the intravitreal injections at any time point. The photographs of the endothelial cells and optical coherence tomography of a representative eye are presented in Figure 1A -D.
The measurements obtained at all time points were compared between the treated and untreated eyes, and the results are presented in Tables 2 and 3 . Again, of all evaluated parameters, only MAX differed significantly at 6 months after the intravitreal injections.
The measurements obtained at all time points were also compared between patients with DME and those with CME due to RVO, and the results are presented in Tables 4 and 5 . No significant differences were observed in any of the evaluated parameters from before to after the intravitreal injections at any time point. 
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The measurements obtained at all time points were compared between eyes subjected to single and multiple intravitreal aflibercept injection, and the results are presented in Tables 6 and 7 . Again, of all evaluated parameters, only MAX differed significantly at 3 months after the intravitreal injections.
iOP
The mean IOPs before injection and at 1, 3 and 6 months after the initial injection were 13.3±3.2, 12.5±2.7, 13.0±3.2 and 12.8±2.9 mmHg, respectively ( Table 1) . The difference between time points was not statistically significant (P=0.55).
A comparison of the mean IOPs of treated and untreated eyes measured before and 1, 3 and 6 months after the initial injection yielded the following: 13.3±3.2 vs 13.8±3.4, 12.5±2.7 vs 13.6±2.9, 13.0±3.2 vs 13.3±3.1 and 12.8±2.9 vs 13.6±3.3 mmHg, respectively (Tables 2 and 3 ). Only the difference at 1 month was statistically significant.
A comparison of the mean IOPs of patients with DME and CME due to RVO obtained before and 1, 3 and 6 months after the initial injection yielded the following: 14.2±3.1 vs 12.8±3.2, 13.3±2.8 vs 12.0±2.4, 12.6±3.0 vs 13.3±3.1 and 13.2±2.9 vs 12.3±3.0 mmHg, respectively (Tables 4 and 5 ). These differences were not statistically significant at any time point.
Furthermore, a comparison of the mean IOPs measured before injection and 1, 3 and 6 months after the initial injection in eyes receiving single or multiple intravitreal doses of aflibercept yielded the following: 13 (Tables 6 and 7) . These differences were not statistically significant at any time point. Table 2 Morphometric analysis of the corneal endothelium in the treated and untreated eyes before and 1 month after the intravitreal injection of aflibercept in patients with DME and CME due to RVO Table 3 Morphometric analysis of the corneal endothelium in the treated and untreated eyes at 3 and 6 months after the intravitreal injection of aflibercept in patients with DME and CME due to RVO 
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Discussion
Experimental animal models have demonstrated that intravitreal injections yield adequate concentrations of ranibizumab, 22 bevacizumab 8 and aflibercept 23 in the anterior chamber. However, the intracameral injection of ranibizumab and bevacizumab was shown to reduce corneal endothelial cell densities. 24 Taken together, these data underscore the importance of determining the effects of intravitreal aflibercept injection on corneal endothelial cells. In the present study, these injections did not generally adversely affect the corneal endothelial cells, and no significant changes were observed in any parameter except the MAX cell size during the 6-month follow-up. Three inter-group comparisons revealed differences in IOP between treated and untreated eyes at 1 month after injection, in MAX between treated and untreated eyes at 6 months after injection and in MAX between eyes receiving single and multiple injections at 3 months after injection. No significant differences were observed between patients with DME and CME due to RVO at any time point. The corneal endothelium in diabetic patients is vulnerable compared to that of normal patients and susceptible to surgical stress. 17, 18 However, the current study findings suggest that an intravitreal injection of aflibercept might not represent a relevant surgical stress. As we mentioned previously, only MAX differed significantly at 3 months after the injection when eyes receiving single vs multiple intravitreal injections of aflibercept were compared. Therefore, only slight differences between the administration of single and multiple injections were observed.
Limitations
There are several limitations of our study, such as the small sample size, short follow-up period and low average number of injections (1.43 times/6 months). Table 4 Morphometric analysis of the corneal endothelium in the treated eye before and 1 month after the intravitreal injection of aflibercept in patients with DME vs CME due to RVO Before injection 1 month AI DME CME due to RVO P-value DME CME due to RVO P-value Note: Data are presented as mean ± sD. Abbreviations: AI, after injection; AVG, average cell size; CCT, central corneal thickness; CME, cystoid macular edema; CoV, coefficient of variation of cell size; DMe, diabetic macular edema; eCD, endothelial cell density; hex, hexagonal cells; MaX, maximum of cell size; Min, minimum of cell size; rVO, retinal vein occlusion. Table 5 Morphometric analysis of the corneal endothelium in the treated eye at 3 and 6 months after the intravitreal injection of aflibercept in patients with DME vs CME due to RVO 3 months AI 6 months AI DME CME due to RVO P-value DME CME due to RVO 
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In general, intravitreal aflibercept injections are required every 2 months after three initial monthly doses to treat wet age-related macular degeneration 25 in Japan. Lass et al 16 assessed the effect of intravitreal aflibercept injection on corneal endothelium every 8 weeks after 3 monthly doses up to 52 weeks; on specular microscopy, no apparent corneal endothelial toxicity was observed because of intravitreal aflibercept injection. Intravitreal aflibercept injections were performed every 4 or 8 weeks after five initial monthly doses for DME in VIVID and VISTA studies; 5 the results of these large clinical trials led to the recommendation of the injections every 4 weeks after five initial monthly doses for DME in Japan. In contrast, intravitreal aflibercept injection pro re nata after a single dose is recommended for CME due to RVO in Japan. Although we initially considered pro re nata administration after five initial monthly intravitreal aflibercept injections for patients with DME, many patients rejected the high number of initial injections because of financial issues. Accordingly, we adopted the protocol of pro re nata administration after single intravitreal injection in our study.
Other factors may also affect the observed outcomes of intravitreal aflibercept injections. For example, retinal photocoagulation with an indirect ophthalmoscopy contact lens reportedly decreased the number of corneal endothelial cells. 26 Accordingly, we addressed the effects of retinal photocoagulation on the corneal endothelium as much as possible. We additionally evaluated the mean IOP over the 6-month follow-up period and observed very slight changes between treated and untreated eyes at 1 month. Chhablani et al 27 reported that a single intravitreal aflibercept injection (2 mg) did not affect IOP after 1 month. Furthermore, Table 6 Morphometric analysis of the corneal endothelium in the treated eye before and 1 month after a single or multiple intravitreal injections of aflibercept in patients with DME and CME due to RVO Table 7 Morphometric analysis of the corneal endothelium in the treated eye after 3 and 6 months single or multiple intravitreal aflibercept injections in patients with DME and CME due to RVO several case series have reported sterile inflammation after intravitreal aflibercept injections. [28] [29] [30] [31] Although no cases of sterile inflammation were observed in the current study, the previous reports raised concerns about the potential effects of sterile inflammation on the corneal endothelium.
We further note that previous results from experimental animal models were not completely reliable because of the differences between animal and human tissues. Furthermore, although previous studies on intravitreal bevacizumab, 32 ranibizumab 33, 34 and aflibercept 16 injections did not report effects on the human corneal endothelium, the safety of use of aflibercept on human tissues is a very important issue facing clinical practice. However, our findings very slightly differed from previous reports describing the effects of anti-VEGF antibodies. 16, [32] [33] [34] As intravitreal anti-VEGF antibody injections will be used for the treatment of many retinal diseases in future, considerable attention must be paid to not only the effectiveness but also the potential adverse effects.
Conclusion
The results of this clinical study indicate that an intravitreal injection of aflibercept (2 mg) might induce corneal endothelial damage or very slight changes in corneal endothelial cells within 6 months of the first injection. Corneal endothelial damage can lead to partial abnormal corneal hydration and, consequently, corneal edema. Our findings warrant further studies regarding the potential side effects of intravitreal aflibercept injection on the human corneal endothelium.
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